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(54) PHOTOVOLTAIC ELEMENT AND ITS MANUFACTURE 

(57)Abstract 

PURPOSE: To improve the characteristics and reliability of a 
photovoltaic element by providing an electrode layer between an 
upper electrode and a grid electrode respectively composed of 

semiconductor layers and an insulating layer between the upper 
electrode and the electrode layer. 

CONSTITUTION: This element has at least semiconductor layers 
103, 104, and 105 formed on a substrate 101 and a high-resistance 
electrode layer and a low- resistance electrode for preventing 
short-circuit currents. An insulating layer 107 is provided between 
the semiconductor layers 103, 104, and 105 and the electrode layer 
108 and the electrode layer 108 is electrically connected to the 
semiconductor layer 103, 104, and 105 through the insulating layer 
107. The layer 107 is composed of a high polymer resin selected 
from among polyester, ethylene -vinyl acetate copolymer, acrylic 
resin, epoxy resin, and polyurethane and has transmissivity of >50% 
against the sunlight. Therefore, a photovoltaic element having high 
initial characteristics and excellent durability can be obtained, 
because the internal defect of the element can be sealed and the 
void content of the electrode layer can be reduced. 
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* NOTICES * 

JPO md NCI PI are not responsible for my 
damages caused by the use of this translation. 

1. Thls document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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CLAIMS 

[Claim(s)] 

[Claim 1] The photovoltaic cell characterized by having prepared the insulating layer between said semi-conductor 
layers and said electrode layers on the substrate in the photovoltaic cell which comes to form the high resistance 
electrode layer and low resistance electrode for preventing a semi-conductor layer and a short-circuit current at 
least, and connecting electrically said electrode layer and said semi-conductor layer through this insulating layer. 
[Claim 2] The specific resistance of said electrode layer is a photovoltaic cell according to claim 1 characterized by 
being 0.1-1000-ohmcm. 

[Claim 3] The photovoltaic cell according to claim 1 or 2 characterized by said photovoltaic cell consisting of a thin 
film semiconductor. 

[Claim 4] Said electrode is a photovoltaic cell given in any 1 term of claims 1-3 characterized by being a current 
collection electrode or an ejection electrode. 

[Claim 5] The permeability to the sunlight of said insulating layer is a photovoltaic cell given in any 1 term of claims 
1-4 characterized by being 50% or more. 

[Claim 6] Said insulating layer is a photovoltaic cell given in any 1 term of claims 1-5 characterized by consisting of 
macromolecule resin. 

[Claim 7] Said giant-molecule resin is a photovoltaic cell according to claim 6 characterized by consisting of 
polyester, an ethylene-vinyl acetate copolymer, an acrylic, epoxy, and a component chosen from from among 
polyurethane. 

[Claim 8] Said electrode layer is a photovoltaic cell given in any 1 term of claims 1-7 characterized by being formed 
using a conductive paste. 

[Claim 9] Said conductive paste is a photovoltaic cell according to claim 8 characterized by including at least one of 
In 203, Sn02, ZnO, CdO, CdSn04 and ITO (In203+Sn02), and the conductive fillers that consist of carbon. 
[Claim 10] Said conductive paste is a photovoltaic cell according to claim 8 or 9 characterized by including at least 
one of the giant-molecule resin binders which consist of polyester, epoxy, and polyurethane. 

[Claim 11] The voidage of said electrode layer is a photovoltaic cell given in any 1 term of claims 1-10 characterized 
by being 5% or less. 

[Claim 12] The production approach of the photovoltaic cell characterized by forming the insulating layer which 
consists of giant-molecule resin after the semi-conductor stratification in the production approach of the 
photovoltaic cell which comes to form a semi-conductor layer, an insulating layer, and an electrode layer at least, 
and forming an electrode layer on a substrate using the conductive paste which contains a giant-molecule resin 
binder further. 

[Claim 13] Said insulating layer is the production approach of the photovoltaic cell according to claim 12 
characterized by forming by the approach chosen from from among an electrodeposition process, an electrolytic 
polymerization method, the plasma polymerization method, the spin coat method, the roll coat method, and the 
dipping method. 

[Claim 14] The production approach of the photovoltaic cell according to claim 12 or 13 characterized by dissolving 
said a part of insulating layer in case said electrode layer is formed. 

[Claim 15] Said conductive paste is the production approach of the photovoltaic cell according to claim 14 
characterized by containing the component which dissolves said macromolecule resin and dissolving said a part of 
insulating layer. 

[Claim 16] The component which dissolves said giant-molecule resin is the production approach of the photovoltaic 
cell according to claim 15 characterized by consisting of at least one of methyl acetate, a methyl ethyl ketone, and 
toluene. 

[Claim 17] Said giant-molecule resin binder is the production approach of a photovoltaic cell given in any 1 term of 
claims 12-16 characterized by including at least one of polyester, epoxy, and polyurethane. 

[Claim 18] Said giant-molecule resin binder is the production approach of a photovoltaic cell given in any 1 term of 
claims 12-17 characterized by including an unreacted component. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention has a good property and relates to a reliable photovoltaic cell and its 

production approach. 

[0002] 

[Description of the Prior Art] The photo electro motive-force module is widely applied as a power source for public 
welfare devices, such as a calculator and a wrist watch, and attracts attention as a technique utilizable as an object 
for the so-called alternative power of fossil fuels, such as petroleum and coal. There are a single crystal 
semiconductor, a polycrystal semi-conductor, a thin film semiconductor, etc. in the photovoltaic cell used for this 
photoelectromotive-force module. Also in it, as compared with the single crystal photovoltaic cell, a thin film 
photovoltaic cell has the advantages, like last thing and thickness having the thin film of a large area at production, 
and ending, and it can deposit on the substrate ingredient of arbitration, and promising ** is carried out. 
[0003] It is a technique using the diffusion potential generated in semiconductor junction, such as pn junction of a 
semi-conductor, a pin junction, and the Schottky barrier, and a thin film photovoltaic cell absorbs sunlight and 
generates the optical carrier of an electron and an electron hole, and semi-conductors, such as silicon, carry out 
the drift of this optical carrier by the internal field produced with the diffusion potential of a joint, and take it out 
outside. The thing using the amorphous semiconductor of tetra-HEDORARU systems, such as an amorphous silicon, 
amorphous silicon germanium, and amorphous silicon C, as a semiconductor material of such a photovoltaic cell is 

[0004] For example, on a substrate, the structure of an amorphous silicon photovoltaic cell carries out the 
laminating of the pin junction which consists of p layers of a thin film, i layers, and n layers, and is constituted. 
Moreover, in order to raise conversion efficiency, the so-called tandem eel which carries out the laminating of the 
pin junction to two or more serials is also examined. The electrode of the couple of an up electrode and a lower 
electrode is prepared in an optical incidence [ of a semi-conductor ], and rear-face side. An up electrode is the 
transparence electric conduction film, and the grid electrode of a pectinate form is formed so that incidence of light 
may not be barred as a current collection electrode on it. Furthermore, the bus bar which gathers the current of a 
grid electrode is prepared. Although a grid electrode can also be formed using vacuum processes, such as a spatter 
and vacuum deposition, the mask for patterning is required, the vacuum evaporationo ingredient of a mask part 
becomes useless, or a problem has membrane formation time amount in mass production nature, such as a 

On the other hand, screen printing using a conductive paste is put in practical use as an approach 
suitable for the high mass production of a throughput. 

[0005] By the way, in using a photoelectromotlve-force module as an object for the electric power supplies of 
ordinary homes, the output of about 3kW Is needed, and when the photoelectromotive-force module of 10% of 
conversion efficiency is used, 2 and the photoelectromotive-force module of a large area are needed 30m. however, 
the thing for which the photovoltaic cell which does not have a defect over a large area on the production process 
of a photovoltaic cell is produced — difficult — polycrystal — a grain boundary part — low — a part [ ] will 
arise. Moreover, In thin film photoelectromotlve-force MOJU 1 RU like an amorphous silicon, a pinhole and a defect 
arise under the effect of dust etc. at the time of membrane formation of a semi-conductor layer, it becomes the 
cause of a shunt or a short circuit, and it is known that these shunts and short circuits will reduce conversion 
efficiency remarkably. 

[0006] In the case of the amorphous silicon photovoltaic cell deposited, for example on the stainless steel substrate, 
if the cause which can do a pinhole and a defect, and Its effect are described In more detail In order to form that a 
substrate front face cannot be said to be a completely smooth field, but the projection of a blemish, a crater, or the 
letter of a spike exists, and the back reflector which Is Irregular in order to reflect light irregularly on a substrate. It 
is mentioned p, that the semi-conductor layer of a thin film with a thickness of several lOnm can cover such a front 
face thoroughly, and there is like n layers, that a pinhole is generated with the contaminant at the time of membrane 
formation etc. as another cause, etc. [ no ] 

[0007] In an amorphous silicon photovoltaic cell, generally, since the sheet resistance of the semi-conductor Itself is 
high, the transparent up electrode covering the whole semi-conductor surface Is needed, and the transparence 
electric conduction film which usually functions also as an a nti reflection film like Sn02 and ITO (In203+Sn02) is 
prepared. The semi-conductor between the lower electrode of a photovoltaic cell and an up electrode is lost by the 
pinhole. And the letter defect of a spike of a substrate contacts an up electrode, or [ that a lower electrode and an 
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up electrode contact directly ] although a semi-conductor layer is not lost thoroughly — low — when it is a shunt 
or a short circuit, the current generated by light will flow an up electrode to parallel, will flow into the low resistance 
part of said shunt or the short section, and will lose the generated current. [ **** ] The current which flows into 
this defect also in a very small defect will become quite big. If there is such current loss, the open circuit voltage of 
a photovoltaic cell falls, it divides, and since the magnitude of the current generated by light and the leakage current 
by the shunt seldom changes when optical reinforcement is low, open circuit voltage will fall notably. Furthermore, 
when the location of a defect is distant from the grid electrode or the bus bar, since the resistance when flowing 
into a defective part is strong, there is comparatively little current loss, but when a defective part is under a grid 
electrode or a bus bar, the current lost according to a defect will become bigger. 

[0008] On the other hand, the charge generated in the semi-conductor layer not only leaks to this defective part, 

but in a defective pinhole-like part since the matter of ionicity generates all over a pinhole by the interaction with 
moisture, the electric resistance of this defective part falls gradually with the activity passage of time at the time of 
a photo electro motive— force MOJU 1 RU activity, and the phenomenon in which properties, such as conversion 
efficiency, deteriorate is seen, 

[0009] The approach of burying a shunt part by resin selectively as a measure for such a problem, the approach of 
Insulatlon-izing with an anode oxidation method, after depositing a metal into a shunt part etc. are proposed. 
[0010] For example, there is the approach of applying an insulator to the defective part which detected the 
defective part of a component with the detector and was detected after that with an applicator so that it may be 
indicated by the U.S. Pat. No. 4451970 official report Moreover, it is the approach of applying a photoresist, filling up 
a pinhole, performing exposure, development, a rinse, and the process of baking, and taking up a pinhole with the 
approach indicated by JP,62-40871,B. 
[0011] 

[Problem(s) to be Solved by the Invention] However, in invention indicated by the U.S. Pat. No. 4451970 official 
report, since it is necessary to detect a defect first and to attach resin selectively, a process becomes complicated 
and equipment also becomes large-scale. Moreover, processes, such as exposing and developing negatives, not only 
become complicated after photoresist spreading, but it was able to use only for the photovoltaic cell of the thin film 
deposited on the transparence substrate In invention indicated by the patent announcement 62-40871. Moreover, 
there is a problem that it cannot respond in the defect generated after closing the shunt with which both of the 
approaches existed from the beginning. 

[0012] Then, in order that this invention person might close the defect which exists under the electrode leading to 
[ of especially conversion efficiency / big ] lowering, when a defect was between an electrode and a semi-conductor 
layer, he worked as resistance, and performed examination which prepares the electrode layer for short-circuit 
current closure which Is not resisting to the current generated by the photovoltaic cell. 

[0013] However, it discovered that resistance between an electrode and a semi-conductor layer became large, 
became the hindrance of current collection, and effectiveness fell by the interface of this electrode layer and a 
semi-conductor layer since [ that the voidage of said electrode layer is large ] adhesion is bad. Moreover, exfoliation 
broke out and it found out that leakage current arose gradually and dependability fell. 

[0014] The object of this Invention is solving the above-mentioned problem produced in process of the problem in a 
photovoltaic cell mentioned above, and this invention, and offering the structure of a photovoltaic cell with a good 
property. 

[0015] Other objects of this invention have good mass production nature, and it is offering the production approach 

of a reliable photovoltaic cell. 

[0016] 

[Means for Solving the Problem] In the photovoltaic cell of this invention. In the photovoltaic cell which comes to 
form the high resistance electrode layer and low resistance electrode for preventing a semi-conductor layer and a 
short-circuit current at least, an insulating layer is prepared between said semi-conductors and said electrode 
layers on a substrate, and it is characterized by connecting electrically said electrode layer and said semi-conductor 
layer through this insulating layer. 

[0017] As for said insulating layer, it is desirable that they are polyester, an ethylene-vlnyl acetate copolymer, an 
acrylic, epoxy, and macromolecule resin chosen from from among polyurethane, and it is desirable that the 
permeability to sunlight is 50% or more. 

[0018] Moreover, as for said electrode layer, being formed using a conductive paste is desirable, and, as for this 
conductive paste, it is desirable that at least one of the giant-molecule resin binders which consist of In 203, Sn02, 
ZnO, CdO, CdSn04 and ITO (In203+Sn02) and at least 1 of the conductive fillers which consist of carbon and 
polyester, epoxy, and polyurethane Is included. 

[001 9] Furthermore, as for the voidage of said electrode layer. It Is desirable that it is 5% or less. 
[0020] Moreover, the photovoltaic-cell production approach of this invention is characterized by forming the 
insulating layer which consists of giant-molecule resin after the semi-conductor stratification in the production 
approach of the photovoltaic cell which comes to form a semi-conductor layer, an insulating layer, and an electrode 
layer at least, and forming an electrode layer on a substrate, using the conductive paste which contains a giant- 
molecule resin binder further. 

[0021] Said insulating layer is formed by the approach chosen from from among an electrodeposition process, an 
electrolytic polymerization method, the plasma polymerization method, the spin coat method, the roll coat method, 
and the dipping method. 
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[0022] Moreover, as for said conductive paste, it is desirable to contain the connponent which dissolves said 
macromolecule resin and to dissolve said a part of insulating layer at the time of the electrode stratification. 
[0023] 

[An operation and the example of an embodiment] In this invention, the defect was closed, as a configuration of a 
photovoltaic cell with high property and dependability, the electrode layer was prepared between the up electrode of 
a semi-conductor layer, and the grid electrode, and the insulating layer is further prepared between the up electrode 
and the electrode layer. 

[0024] In explaining an operation of this invention, the knowledge acquired in the process which completes this 
invention first is explained. 

[0025] Although what is necessary is just to cover a defective part by the insulating matter in order to prevent the 
short-circuit current to a defective part, an electrode layer is prepared between a grid electrode and an up 
electrode, and when there is a defect without being resisting to the current generated by the photovoltaic cell, it 
can respond also to the shunt which it is simpler to make it work as resistance, and is generated later, rather than it 
detects and closes a defective part. However, when the laminating only of this electrode layer is carried out 
between a grid electrode and an up electrode, since voidage became high, resistance between a grid electrode and 
an up electrode became very large, a current was lost or many openings existed, exfoliation and leakage current 
arose, and problems, such as being unreliable, have arisen. 

[0026] This invention made possible the photovoltaic cell of lowering, the extremely excellent property, and 
dependability, and the method of producing the high yield for the voidage of an electrode layer by these knowledge 
being based and preparing an insulating layer between an electrode layer and an up electrode. 

[0027] It is ********** that a conductive filler can contact an up electrode and good electric contact can be taken 

while the monomer of the solvent contained in a paste in the photovoltaic cell of this invention at the time of 
********- strike spreading used as an electrode layer or a giant-molecule resin binder dissolves selectively the 
insulating layer by which the laminating was carried out to the up electrode and lowers the voidage of the electrode 
layer formed. 

[0028] Then, it is necessary to choose the conductive paste ingredient according to the physical properties of an 
insulating layer. That is, even if it carries out the laminating of the electrode layer on an insulating layer, the ohmic 
contact of this electrode layer and an up electrode is not enough, and cannot pass sufficient current for a grid 
electrode. However, the unreacted component of the solvent contained in a conductive paste or a giant-molecule 
resin binder dissolves an insulating layer, and when a conductive filler contacts an up electrode, an electrode layer 
and an up electrode come to contact electrically enough. In this case, although contact of a defective part and a 
conductive filler may also take place simultaneously, since the binder and electrode layer which cannot finish melting 
with a solvent have covered the defective part, moderate resistance is produced as compared with the case where 
the laminating of the direct grid electrode is carried out, and extent of a short circuit becomes light. Moreover, as 
compared with the case where the laminating of the electrode layer is carried out on a direct up electrode, the 
voidage of an electrode layer becomes low, and adhesion is improved. 

[0029] By furthermore carrying out the laminating of the grid electrode on this stuck electrode layer, resistance of 
wiring can be made small. Moreover, since not only an electrode layer but an insulating layer covers the defective 
part of the semi-conductor layer leading to a shunt or a short circuit and insulates, it can control a short circuit. 
[0030] The content of this invention is explained to a detail using drawing 1 . This invention is not limited by drawing 
1- drawi ng 1 — setting — 100 — a photovoltaic-cell body and 101 — a substrate and 102 — a lower electrode and 
103 — n layers and 104 — i layers and 105 — in an insulating layer and 108, an electrode layer and 109 express a 
grid electrode and, as for p layers and 106, 111 expresses [ an up electrode and 107 ] a defective part. 
[0031] The defective part 111 is a low resistance part produced by causes, such as irregularity of a substrate, and 
dust at the time of membrane formation. Moreover, even if normal in early stages of manufacture, the part formed 
into low resistance while in use is also expressed. 

[0032] The insulating layer 107 used by this invention has the duty which lowers the voidage of the electrode layer 
108, when forming the electrode layer 108 for the short-circuit current closure which consists of a conductive 
paste. As for an insulating layer 107, it is desirable that the permeability to sunlight is 90% or more as incidence of 
sunlight is not barred, since the sunlight on a photovoltaic cell is that by which a laminating is carried out to the field 
which carries out incidence, and in order to close a defect, it is insulation. Moreover, the environment in the case of 
using it outdoors as a photoelectromotive-force module is considered, weatherability is good and heat, humidity, and 
the stability over light are required. Moreover, since a photoelectromotive-force module is bent depending on the 
case or an impact is given, it is necessary to also have mechanical reinforcement. As such an ingredient, giant- 
molecule resin is suitable, and polyester, an ethylene-vinyl acetate copolymer, acrylic resin, an epoxy resin, 
urethane, etc. are specifically used. As suitable molecular weight of said macromolecule resin, number average 
molecular weight is one to about 20,000. Moreover, since it is desirable that electric insulation is maintained and 
light transmission nature is not spoiled as thickness, although it is suitably chosen by the class of macromolecule 
resin, about several micrometers are typically suitable. 

[0033] As an approach of carrying out the laminating of such macromolecule resin, although the usual approach is 
used For example, the approach of melting to a solvent, and fusing with a spin coat, or the approach and heat which 
carry out dipping, and coating with a roller. Although the approach of depositing in electrolytic polymerization, the 
approach of depositing in electrodeposition, the approach by the plasma polymerization, etc. are used and the 
physical properties of macromolecule resin, desired thickness, etc. are suitably determined from terms and 
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conditions, from a viewpoint of mass production nature, a dipping method, the roller coat method, an 
electrodeposition process, etc. are suitable. 

[0034] Although decided from the demand of that the thickness of an insulating layer 107 does not have a pinhole, 
that the barrier nature to humidity is enough, adhesion, flexibility, etc., since it is easy to become a pinhole in 1 
micrometer or less and flexibility is spoiled in 30 micrometers or more, about 1-30 micrometers is suitable. 
[0035] The electrode layer 108 used by this invention serves as a pattern at the time of forming the grid electrode 
109. The solvent which dissolves as an ingredient a conductive filler, the binder which consists of a polymer, and 
said binder is mixed by the moderate ratio, and the conductive paste made into the shape of a paste is mentioned. 
[0036] As for this conductive paste, it is desirable to include at least one giant-molecule resin binder among 
polyester, epoxy, and polyurethane including at least one conductive filler among In 203, Sn02, ZnO, CdO, CdSn04 
and ITO (In203+Sn02), and carbon. Furthermore, as for the component which dissolves said giant-molecule resin 
(insulating layer) contained in a conductive paste, it is desirable that it is at least one of ethyl acetate, a methyl 
ethyl ketone, and toluene, or is the unreacted component of said giant-molecule resin binder. As suitable resistance 
of this electrode layer 108, although determined by the design of a grid, the current value in the operating point of a 
photovoltaic cell, the magnitude of a defect, etc., as specific resistance, 0.1-ohmcm - 100-ohmcm is desirable at 
the time of 10 micrometers of thickness, and it serves as resistance of extent which can be disregarded to the 
current which became sufficient resistance to the shunt in this range, and was generated in the photovoltaic cell. 
[0037] The laminating of these electrode layers is producible with sufficient productivity by using screen printing. 
Suppose that it is screen printing as about 50 micrometers at min as line breadth using the screen which performed 
desired patterning to the mesh made by nylon or stainless steel, using a conductive paste as printing ink. The 
screen-stenciled conductive paste is heated with a drying furnace in order to make a binder construct a bridge and 
to volatilize a solvent. 

[0038] Moreover, when performing pattern formation of the electrode layer 108 by screen-stencil, a certain thing of 
the viscosity of a conductive paste is desirable lOOOcps - about lOO.OOOcps. Moreover, to use a 
photoelectro motive-force module outdoors, weatherability which bears humidity and temperature is required. 
[0039] In order to prevent the migration under the effect of the humidity of the metal used for the grid electrode 
109 in order to make alignment easy, when it is formed in the pattern of the grid electrode 109, and the same 
pattern and the laminating of the grid electrode 109 is carried out etc., as for the gestalt of the electrode layer 108, 
forming width a little is desirable, and considering as one to 5 times is more desirable than the grid electrode 109. In 
this case, it is desirable that it is transparent to the wavelength which has the spectral sensitivity of a photovoltaic 
cell so that the shadow loss by the electrode layer 108 of parts other than grid electrode 109 may not be produced. 
[0040] It is the photovoltaic cell of this invention having formed the electrode layer with comparatively high 
resistance in the lower part of a grid electrode, having prepared the insulating layer between this electrode layer of 
high and a semi-conductor layer further, and having lowered the voidage of an electrode layer. Although it is 

applicable suitable for an amorphous silicon photovoltaic cell since it is the configuration which raised the adhesion 
of a grid electrode and an up electrode and made resistance small while lessening current leak by the shunt or short 
circuit It cannot be overemphasized that the same configuration is applicable to the photovoltaic cell which used 
semi-conductors other than a single crystal, a polycrystal system, or silicon, the photovoltaic cell of a Schottky 
barrier mold, etc. 

[0041] Although drawing 1 -3 are used and explained about the example of an embodiment of the photovoltaic cell 
of this invention below, the content of this invention is not limited to these. 

[0042] The suitable example of a configuration of the photovoltaic cell of this invention is typically shown in drawing. 
It is the sectional view of the amorphous silicon photovoltaic cell of the single cellular structure which carries out 
optical incidence of drawing 1 to a substrate from an opposite hand, and the top view where drawing 2 looked at the 
photovoltaic cell of the configuration of drawing 1 fr-om the optical incidence side, and three trains of grids with a die 
length of about 10cm are formed, and the bus bar is prepared in the center of each train. Drawing 3 is the sectional 
view of a triple eel configuration. 

[0043] Furthermore, although not illustrated, in the crystal system photovoltaic cells or thin film polycrystal 
photovoltaic cells which were deposited on the glass substrate, such as an amorphous silicon photovoltaic cell, a 
single crystal, and polycrystal, it cannot be overemphasized that the configuration using the thought of this invention 
can be applied. 

[0044] A substrate 101 is a member which supports mechanically the semi-conductor layers 103, 104, and 105 in 
the case of the photovoltaic cell of a thin film like an amorphous silicon, and is used as an electrode depending on 
the case. Although the thermal resistance which is equal to whenever [ stoving temperature / when forming the 
semi-conductor layer 103,104,105 ] is required, a conductive thing or the conductive thing of electric insulation is 
sufficient as a substrate 101. As a conductive ingredient, specifically Metals or these alloys, such as Fe, nickel, Cr, 
aluminum. Mo, Au, Nb, Ta, V, Ti, Pt, Pb, and Ti, Sheet metal, such as brass and stainless steel, and the complex of 
those, a carbon sheet, a galvanized steel sheet, etc. are mentioned. For example, as an electric insulation ingredient 
Polyester, polyethylene, a polycarbonate, cellulose acetate. Polypropylene, a polyvinyl chloride, a polyvinylidene 
chloride, polystyrene, A film, a sheet, or these and glass fiber of heat-resistant synthetic resin, such as a polyamide, 
polyimide, and epoxy. Complex with a carbon fiber, a boron fiber, a metal fiber, etc., and the sheet metal of these 
metals, The thing which performed surface coating processing by the spatter, vacuum deposition, electroplating, etc. 
and glass, the ceramics, etc. are mentioned to front faces, such as a resin sheet, in insulating thin films, such as a 
metal thin film of different-species construction material and/or Si02, Si3N4, aluminum203, and AIN. 
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[0045] The lower electrode 102 is one electrode for taking out the power generated in the senni-conductor layer 
103,104,105, and it is required that it should have the work function which serves as ohmic contact to a semi- 
conductor 103. As an ingredient, the so-called metal simple substances, such as aluminum, Ag, Pt, Au, nickel, Ti, Mo, 
W, Fe, V, Cr, Cu, stainless steel, brass, Nichrome, Sn02 and In 203, and ZnO, ITO, or an alloy, a transparent 
conductive oxide (TCO), etc. are used. Although the smooth thing of the front face of the lower electrode 102 is 
desirable, when making the scattered reflection of light start, you may texture-ize. Moreover, when a substrate 101 
is conductivity, it is not necessary to form especially the lower electrode 102. 

[0046] Approaches, such as plating, vacuum evaporationo, and a spatter, are used for the method of producing a 
lower electrode. As the production approach of an up electrode, resistance heating vacuum deposition, electron- 
beam-heating vacuum deposition, the sputtering method, a spray method, etc. can be used, and it is suitably chosen 

according to a request. 

[0047] As a semi-conductor layer of the photovoltaic cell used for this invention, an amorphous silicon, 
polycrystalline silicon, single crystal silicon, etc. are mentioned, as the semiconductor material which constitutes 104 
[ i-layer ] in an amorphous silicon photovoltaic cell — the [, such as a-Si:H, a-Si:F, a-Si:H:F, a-SiGe:H, a-SiGe:F, a- 
SiGe:H:F, a-SiC:H, a-SiC:F, and a-SiC:H:F, / so-called ] — the [ IV group and ] — IV group alloy system amorphous 
semiconductor is mentioned, p layers are obtained as 105 or a semiconductor material which constitutes 103 [ n- 
layer ] by doping a valence-electron control agent to the semiconductor material which was mentioned above and 
which constitutes 104 [ i-layer ]. moreover — as the valence-electron control agent for obtaining a p type 
semiconductor as a raw material — the [ periodic table ] — the compound containing an 01 group's element is used, 
the — B, aluminum, Ga, and In are mentioned as an ID group's element. The compound which contains the Vth 
element of the periodic table as a valence-electron control agent for obtaining a n-type semiconductor is used. P, 
N, As, and Sb are mentioned as the Vth group's element. 

[0048] as the method of forming an amorphous silicon semi-conductor layer — vacuum deposition, a spatter, RF 
plasma-CVD method, a microwave plasma-CVD method, the ECR method, a heat CVD method, and LPCVD — well- 
known approaches, such as law, are used according to a request. As an approach adopted industrially, material gas 
is decomposed with RF plasma, and RF plasma-CVD method made to deposit on a substrate is fond, and is used. 
Furthermore, in RF plasma CVD, although there are the decomposition effectiveness of material gas being as low as 
about 10% and a problem that the rate of sedimentation is as slow as 1 nm/sec extent from 0.1 nm/sec, the 
microwave plasma-CVD method attracts attention as a forming-membranes method which improved this point. As a 
reactor for performing the above membrane formation, equipment with well-known equipment of a batch type, 
continuation membrane formation equipment, etc. can use it according to a request. It can use also for the so-called 
tandem eel which carries out or more 2 laminating of the semi-conductor junction for the purpose of improvement in 
spectral sensitivity or an electrical potential difference in the photovoltaic cell of this invention. 

[0049] The up electrode 106 is an electrode for taking out the electromotive force generated in the semi-conductor 
layer 103,104,105, and makes said lower electrode 102 and pair. The up electrode 106 is required when sheet 
resistance is a high semi-conductor like an amorphous silicon, and by the photovoltaic cell of crystal system, 
especially since sheet resistance is low, it is not needed. Moreover, since the up electrode 106 is located in an 
optical incidence side, it needs a transparent thing and is also called a transparent electrode. Since it makes the 
light from the sun, a white fluorescent lamp, etc. absorb efficiently in a semi-conductor layer, it is [ for the 
permeability of light to be 85% or more ] desirable, and in order to make the current generated with light still more 
electrically the up electrode 106 flow in a longitudinal direction to a semi-conductor layer, as for sheet resistance, it 
is desirable [ the electrode ] that they are below lOOohms / **. Metallic oxides, such as Sn02, In 203, and ZnO, 
CdO, CdSn04, ITO (In203+Sn02), are mentioned as an ingredient equipped with such a property. 
[0050] Next, the grid electrode 109 is an electrode for taking out the electromotive force generated in the semi- 
conductor layer 103,104,105. The grid electrode 109 is formed on a comb and suitable width efface, a suitable pitch, 
etc. are determined from the magnitude of the sheet resistance of the semi-conductor layer 105 or the up electrode 
106. It is required that specific resistance should not serve as series resistance of a photovoltaic cell low as for the 
grid electrode 109, it is 10-2ohmcm - 10-6ohmcm as desired specific resistance, and metals, or these alloys and 
solder, such as Ti, Cr, Mo, W, aluminum, Ag, nickel, Cu, Sn, and Pt, are used as an ingredient. 

[0051] Since the grid electrode 109 is a pectinate form, the sputtering method using the mask pattern of a desired 
configuration as the formation approach, a resistance heating method, a CVD method, etc. are used. Or after 
forming the mask of the negative pattern of the approach of etching and carrying out patterning after vapor- 
depositing a metal layer on the whole surface, the approach of forming a direct grid electrode pattern by Light CVD, 
and a grid electrode, the approach of forming with plating, the approach of screen-stenciling and forming a 
conductive paste, etc. are. 

[0052] The bus bar 110 used in this invention is an electrode for bringing together further the current which flows 
the grid electrode 109 in an end. What consists of metals and these alloys, such as Ag, Pt, and Cu, as an electrode 
material can be used, as a gestalt, the thing of the shape of the shape of a wire and a foil may be stuck, or the same 
conductive paste as the grid electrode 109 may be used, as a foil-like thing — for example, copper foil — or tinning 
is carried out to copper foil and a thing with adhesives is used depending on the case. 

[0053] A metal wire may be fixed with electroconductive glue, copper foil may be stuck, or you may form like the 
grid electrode 109 as the formation approach of a bus bar 110. 

[0054] In the case of an outdoor use, in order to improve weatherability and to maintain a mechanical strength, by 
the well-known approach, the photoelectro motive-force module produced as mentioned above carries out ENKA 
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bushing rhe SHON, and a modularization is carried out As a concrete charge of ENKA bushing rhe SHON lumber, 
EVA (ethylene vinyl acetate) is suitably used about a glue line in respect of an adhesive property with a photovoltaic 
cell, weatherability, and a buffer effect. Furthermore, in order to raise moisture resistance and damage resistance, 
the laminating of the resin of a fluorine system is carried out as a surface protective layer. As resin of a fluorine 
system, the Pori polymers [ of ethylene tetrafluoride ] TFE (E. 1. du Pont de Nemours Teflon etc.), copolymers [ of 
ethylene tetrafluoride and ethylene ] ETFE (E. L du Pont de Nemours tefzel etc.), and vinyl (E. 1. du Pont de 
Nemours TEDORA etc.) fluoride, poly chloro fluoro ethylene CTFE (Daikin Industries neo chlorofluocarbon), etc. are 
mentioned, for example. Moreover, weatherability may be raised by adding a well-known ultraviolet ray absorbent to 
these resin. 

[0055] The approach of carrying out heating sticking by pressure of a photovoltaic-cell substrate and said resin film 
in a vacuum, for example, using well-known equipment like a vacuum laminator as the approach of ENKA bushing rhe 
SHON is desirable. 
[0056] 

[Example] This invention is not limited by these examples although ****** explanation is given based on an example 
about the configuration of the photovoltaic cell of this invention, and the photovoltaic-cell production approach of 
this invention. 

[0057] (Example 1) Grid length produced photovoltaic-cell lOOA of a 10cm pin junction mold single eel configuration 
with a bus bar as follows by the lamination shown in drawing 1^ . 

[0058] First, the substrate 101 made from SUS430BA (width-of-face [ of 30cm ] x die length of 30cm, thickness of 
0.2mm) which fully performed cleaning and washing was put into DC sputtering system, 400nm of Ag was deposited, 
400nm of ZnO(s) was deposited after that, and the lower electrode 102 was formed. The substrate 101 was put into 
ejection and RF plasma-CVD membrane formation equipment, and 104 or p layers with a layers [ 103 or i layers ] of 
n layers were deposited in order of 105. Then, it put into the vacuum evaporationo equipment of resistance heating, 
and it maintained at the internal pressure of lxlO-4Torr, introducing oxygen, the alloy of In and Sn was vapor- 
deposited by resistance heating, and 70nm of transparent up electrodes 106 of ITO which served as the acid- 
resisting effectiveness was deposited. 

[0059] Next, the substrate 101 was installed in dipping equipment and the insulating layer 107 which consists of 
butyral resin was coated. In addition, the thickness of the coated butyral resin was 3 micrometers. Next, the 
temperature of hot blast oven was held at 150 degrees C, the substrate 101 was thrown in, and butyral resin was 
hardened. 

[0060] Then, the substrate 101 was picked out from oven, the substrate 101 was installed in the screen printer after 
cooling, and the electrode layer 108 with a width of face [ of 300 micrometers ] and a die length of 10cm was 
printed three trains at intervals of 5mm. At this time, the conductive paste used the thing of the presentation which 
contains butyl cellulose acetate 10% of the weight as 80 % of the weight of ITO powder, 20 % of the weight of epoxy 
system binders, and a solvent. 

[0061] Next, the temperature of hot blast oven was held at 180 degrees C, the substrate 101 was thrown in, and the 
ITO paste was hardened. Then, the substrate 101 was picked out from oven, the substrate 101 was installed in the 
screen printer after cooling, and the with a width-of-face die length [ 10cm die length of 200 micrometers ] grid 
electrode 109 was printed at intervals of 1cm. Ag paste was used as an electrode material. After printing, the 
substrate 101 was put into said oven, it held for 30 minutes at 160 degrees G, and the cure of the conductive paste 
was carried out. In addition, both the thickness of the electrode layer 108 and the grid electrode 109 was 10 
micrometers. 

[0062] Furthermore, the bus bar 1 10 of copper foil with adhesives with a width of face of 5mm was pasted up, and 
the single eel of the 30cmx30cm angle shown in drawing 2 was produced. In drawing 2 , in 101, a lower electrode, a 
semi-conductor layer, an up electrode, and 109 show a grid, and, as for a substrate, and 102-106, 110 shows a bus 
bar. Furthermore, 20 samples were produced by the same approach. 

[0063] Next, ENKA bushing rhe SHON of these samples was performed as follows. The laminating of EVA was 
carried out to the upper and lower sides of a substrate 101, further, after [ that ] carrying out the laminating of the 
fluororesin film ETFE (ethylene tetrafluoroethylene) (E. I. du Pont de Nemours product name tefzel) up and down, it 
supplied to the vacuum laminator, and held for 60 minutes at 150 degrees C, and the vacuum lamination was 
performed. 

[0064] The initial property of the obtained sample was measured as follows. 

[0065] First, when the volt ampere characteristic in the dark condition of a sample was measured and it asked for 
shunt resistance from the inclination near a zero, it was 160Komegacm2 - 230Komegacm2, and a good property, and 
there was also little dispersion. Moreover, the average of series resistance was 31.2-ohmcm2. 

[0066] next, AMI. 5 — when the photoelectro motive-force module property was measured using the source of false 
sunlight of the quantity of light of 100 mW/cm2 (it is called a simulator below) by the global sunlight spectrum and 
conversion efficiency was searched for, it was 5.5% **0.3% and a good property, and there was also little dispersion. 
[0067] The reliability trial was performed about ten sheets based on the moisture resistance A-2 to which it was set 
by the environmental-test approach of the crystal system photoelectro motive-force module of Japanese Industrial 
Standards C8917, and the durability test approach among the above samples. First, it supplied to the thermo 
hygrostat with which temperature and humidity can control a sample, and the cycle trial changed from -40 degrees 
G to +85 degrees G (85% of relative humidity) was repeated 10 times, and was performed. 
[0068] Next, when the photoelectromotive-force module property was measured using the simulator like 
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measurement of an initial property, to initial conversion efficiency, it is 4% of lowering on an average, and significant 
degradation did not produce the sample after test termination. Moreover, when shunt resistance was measured, 
there was no degradation significant at about 10% of reduction on an average. 

[0069] Next, when signs that the cross section of an electrode layer was homogeneity when the cross section 
containing the grid of a sample Is observed with a scanning electron microscope were observed and voidage was 
measured, it was 2 - 4%. 

[0070] Moreover, the reliability trial was performed as follows about the ten remaining sheets. The sample was 
supplied to the thermo hygrostat and it held to +85 degrees C and 85% of relative humidity. Forward bias electrical- 
potential-difference +0.3V were impressed to the sample in this tester for 20 hours, and the leakage current which 
flows in the meantime was measured. An example of aging of leakage current is shown in drawing 4 . On the average, 

the leakage current 20 hours after bias voltage impression is 7.2mA, and was hardly leaked. 

[0071] The yield is a good good property and the photovoltaic cell of this invention using the configuration of the 
result of this example to this invention is understood that dependability is also good. 

[0072] (Example 1 of a comparison) Next, the photovoltaic cell 300 of the conventional configuration shown in 
drawing 6 was produced as follows for the comparison. 

[0073] Even the up electrode 306 was formed on the substrate 301 like the example 1. Next, the grid electrode 309 
was printed like the example 1. The laminating of the bus bar 310 of copper foil further with adhesives was carried 
out, and 20 single eels of the 30cmx30cm angle shown in dr awing 7 were produced. 
[0074] Next, ENKA bushing rhe SHON of this sample was performed like the example 1. 

[0075] When the initial property of the obtained sample was measured in the same procedure as an example 1, since 
conversion efficiency was 4.3% **1,5%, and shunt resistance was 60Komegacm2 from 0.3Komegacm2, and shunt 

resistance was low and it moreover varied as compared with the example 1, conversion efficiency of dispersion was 
low large. Series resistance is 27.8-ohmcm2 on an average, and there were not an example 1 and a significant 
difference. 

[0076] Next, the reliability trial was similarly estimated as the example 1 about ten in this sample. When the sample 
after temperature-and-humldity cycle test termination carried out photoelectro motive-force module characteristic 
group measurement, 25% of lowering was shown on the average to initial value, and significant degradation had 

broken out. 

[0077] Moreover, when shunt resistance was measured, it turned out that 85% of lowering was shown on the 
average, and the shunt is generated after a reliability trial. 

[0078] Next, it remained and measurement of leakage current was performed like the example 1 about the sample of 
ten sheets. An example of aging of leakage current is shown in drawing 4 . The leakage current at the time of bias 
voltage impression of 20 hours is 120mA on an average, and it turned out that a shunt is generated and big leakage 

current is flowing. 

[0079] The shunt part of this sample was checked as follows. First, the reverse bias of 1.5V was impressed to the 
sample. Although a current flows and generates heat into a shunt part at this time, since a normal part is a reverse 
bias, a current does not flow and it does not generate heat. When the sample front face was observed with the 
infrared camera in this condition, it turned out that an exoergic part is observed and the shunt is carried out under 
the grid electrode 309. 

[0080] In the photovoltaic cell of this invention, the defect is closed and the above example 1 and example 1 of a 
comparison showed that initial effectiveness was good and dependability was also good. 

[0081] (Example 2 of a comparison) Next, photovoltaic-cell 100D of drawing 5 without an insulating layer was further 
produced as follows with the same configuration as an example 1 for the comparison. 

[0082] Even the up electrode 106 was formed on the substrate 101 like the example 1. Next, the grid electrode 109 
was printed to the electrode layer 108 of conductive paste, and the degree like the example 1. The laminating of the 
bus bar 110 of copper foil further with adhesives was carried out, and 20 single eels of the 30cmx30cm angle shown 

^3wing^ were produced. 
[0083] Next, ENKA bushing rhe SHON of this sample was performed like the example 1. 

[0084] When the initial property of the obtained sample was measured in the same procedure as an example 1, 
conversion efficiency was 5.0% ♦*1.2%, shunt resistance was 75Komegacm2 from 15Komegacm2, as compared with 

the example 1, shunt resistance was low, and conversion efficiency of dispersion was low large for this reason. 
Series resistance is 45.3-ohmcm2 on an average, and is considered that loss of a current has taken place highly as 
compared with an example. 

[0085] Next, the reliability trial of this sample was similarly estimated as the example 1. When the 
photoelectromotive-force module property of the sample after temperature-and-humidity cycle test termination 
was measured, 19% of lowering was shown on the average to initial value, and significant degradation had broken out. 

[0086] Moreover, when shunt resistance was measured, it turned out that 20% of lowering was shown on the 
average, and the shunt is generated after a reliability trial. 

[0087] Next, leakage current was measured like the example 1. The leakage current at the time of 20-hour bias 
voltage impression was 34mA on the average, and although it was smaller than the example 1 of a comparison, it 
turned out that the shunt is generated. 

[0088] When the shunt part of this sample was checked like the example 1 of a comparison, it turned out that the 
shunt is similarly carried out under the grid electrode 109. Next, when the hole with a diameter of about 1-3micro 
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was observed by the electrode layer when electron microscope observation of a cross section was performed like 
the example 1, and voidage was measured, it was 10 - 15%. 

[0089] From the above example 1 and examples 1 and 2 of a comparison, carrying out the laminating of the 
electrode layer between an up electrode and a grid electrode had effectiveness in prevention of a short-circuit 
current by the photovoltaic cell of this invention, and further, in order for an opening to become low because this 
electrode layer carries out the laminating of the insulating layer between up electrodes, and to stick to an up 
electrode, it turned out that initial effectiveness is good and dependability is also good. 

[0090] (Example 2) Next, the configuration was the same as the example 1, and created the photovoltaic cell which 
changed and carried out the laminating of the approach of the laminating of the macromolecule resin used as an 
insulating layer almost like the example 1. 

[0091] The laminating even of the up electrode 106 was first carried out like the example 1. Next, the substrate 101 
was installed in electrodeposted equipment and the electrodeposited film was made to form using an acrylic anion 
electrodeposition paint. After rinsing ejection and an excessive coating for a substrate 101, the electrodeposited film 
was dried for 10 minutes in the hot blast oven held at 80 degrees C, and the electrodeposited film was hardened for 
30 minutes in the hot blast oven held at 180 degrees C next. 

[0092] Next, printing of the electrode layer 108 and the grid electrode 109 was performed like the example 1, and 
ENKA bushing rhe SHON was performed like the example 1 after that. Ten samples were produced by the still more 
nearly same approach. 

[0093] When the initial property of the obtained sample was measured by the same approach as an example 1, 
conversion efficiency was 5.8**0.4%, shunt resistance was 180Komegacm2 from 140Komegacm2, and its dispersion 
was also small in the good property. 

[0094] Next, the dependability of this sample was similarly estimated as the example 1. Conversion efficiency is 5% 
of lowering to initial value, and significant degradation was not seen. Moreover, shunt resistance decreased 8% on 
the average, and significant degradation was not seen. Moreover, in cross-section observation, the electrode layer 
was uniform and voidage was 2% to 3%. 

[0095] The photovoltaic cell of this invention has a yield in a good good property from the result of this example, 
and it turns out that dependability is also good. 

[0096] (Example 3) Next in the example 1, the solar battery was produced as follows by the almost same approach 
as an example 1 except having used the microwave plasma-CVD method for formation of a semi-conductor layer 
for the configuration of a solar battery as a triple mold solar battery of drawing 3 . 

[0097] First, the lower electrode 102 which consists of an Ag layer and a ZnO layer was formed on the substrate 
101, after that, it put into microwave plasma-CVD membrane formation equipment, 104 or p layers with a layers 
[ 103 or i layers ] of n layers were deposited in order of 105, and the bottom product layer was formed. At this time, 
104 made i layers a-SiGe, Next, 1 14 or p layers with a layers [ 113 or i layers ] of n layers were deposited in order 
of 115, and the middle layer was formed. 114 made i layers a-SiGe like the bottom product layer. Next, 124 or p 
layers with a layers [ 123 or i layers ] of n layers were deposited in order of 125, and the top layer was formed. 124 
made i layers a-Si. Next, 70nm of transparent up electrodes 106 which served as the acid-resisting effectiveness 
was deposited like the example 2. In 203 (10) was used as an up electrode 106. 

[0098] Next, a substrate 101 is installed in dipping equipment, and after coating the insulating layer 107 which 
consists of butyral resin like an example 1, it was made to harden like an example 1. 

[0099] The laminating of the electrode layer 108, a grid electrode, and the bus bar 1 10 was carried out still like the 
example 1, and the triple eel of 30cm angle shown in drawing 2 was produced. The sample of ten sheets was 
produced similarly. 

[0100] Furthermore, ENKA bushing rhe SHON of this sample was performed like the example 1. 

[0101] The initial property of the obtained sample was 7.8% **0.4%, shunt resistance was 120Komegacm2 - 

150Komegacm2, and there was also Irttle dispersion in a good property. 

[0102] When the reliability trial of these samples was measured like the example 1, to initial conversion efficiency, it 
is 2% of lowering on an average, and significant degradation was not produced. Moreover, when shunt resistance was 
measured, significant degradation is inside **** by about 6% of reduction on an average. 

[0103] The photovoltaic cell of this invention has a yield in a good good property from the result of this example, 

and it turns out that dependability is also good. 

[0104] 

[Effect of the Invention] By preparing an insulating layer in the photovoltaic cell of this invention, i.e., a substrate 
top, between said semi-conductors and said electrode layers in the photovoltaic cell which comes to form the high 
resistance electrode layer and low resistance electrode for preventing a semi-conductor layer and a short-circuit 
current at least, while a defect is closed, the voidage of said electrode layer can be reduced, and an initial property 
is high and becomes possible [ offering the photovoltaic cell excellent in endurance ]. 

[0105] Moreover, according to the photovoltaic-cell production approach of this invention, it sets to the production 
approach of the photovoltaic cell which comes to form a semi-conductor layer, an insulating layer, and an electrode 
layer at least on a substrate. By forming the insulating layer which consists of giant-molecule resin after the semi- 
conductor stratification, and forming an electrode layer using the conductive paste which contains a giant-molecule 
resin binder further An electrode layer with little voidage is formed and the photovoltaic cell excellent in 
dependability with a sufficient initial property can be produced by the high yield. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawi n g 1] It is the sectional view showing the conftguration of the photovoltaic cell of this invention typically. 
[Drawing 2] It is the top view showing the configuration of the photovoltaic cell of this invention typically, 
[Drawing 3] It is the sectional view showing typically the configuration of the triple mold photovoltaic cell of this 
invention. 

[Drawing 4] It is the graph which shows aging of the leakage current in an example 1 and the examples 1 and 2 of a 

comparison. 

[Drawing 5] It is the sectional view showing typically the configuration of the photovoltaic cell of the example 2 of a 
CO mparison. 

[Drawing 6] It is the sectional view showing typically the configuration of the photovoltaic cell of the example 1 of a 
comparison. 

[Drawing 7] It is the top view showing typically the configuration of the photovoltaic cell of the example 1 of a 
comparison. 

[Description of Notations] 
100,300 Photovoltaic-cell body 

101 301 Substrate 

102 302 Lower electrode 

103, 113, 123, 303 n layers 

104, 114, 124, 304 i layers 

105, 115, 125, 305 p layers 

106 306 Up electrode 

107 Insulating Layer 

108 Electrode Layer 

109 309 Grid electrode 

110 210 Bus bar 

111 311 Defective part. 

[Translation done.] 
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[0 0 0 7 ] T^;ix:7 T;^5>y n>3feSm:;^^^u:fci^ 

nOj. I TO ( I n^O,^SnO^) (DJ:^tj:Kmm± 

mwm^m±^^t)ntj:i.^^xi^imwj:'^^>httc 
m^m^LXL^^. ^i»{i>rj:xm^ci6i^x i^mi^m^m 
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[0 00 8] e>j^-;i/t*i(DiXffiSC^5^r«. 

[0 0 0 9 ] CCDj:^?^j:pgM(D^iU-C>>i'>ba5^ 

[0010] m^^t^mnnm^ 45197 o^^jmi^ 

^flj-r^^ajJj^A-So tfc. It&BSe 2-4 08 7 1# 

^ t f o r b* >sfx - m <' -c * ^ , 

[0 0 1 1 ] 

»4 4 5 1 9 7 0-^^«^c^^^n/c^s^W:fcl^r53:. 

g^^^6 2 -4 0 8 7 1 i^cmm^titcHmxu. y :t h 

i^V':^vmmk. nit. mncr^t^^um^mk^ts:^ 
\ttf> r^xn:<. -mmmi^cmki^fcmmco^iBLt^m 

[0012] ^cr*ffeB^^t3:. mcm^m(oi^f^ tj: 

Lxmt. ^mmt>m'=F^cj:'-^x¥k^ir^mm(^Mbx 
[0 0 13] tc^i)ic(DmEmtmmi^mt<Dwm 

tj:r>x^)}mmrr^ct^m^Lfco ^tc. mm^m 
[0014] :^mM<Dmmt. ^mm^tfrn^i^^^^^m 



(4) 
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[0015] :^§^m<Dimmm\ct. mm±^m< . inn 

[0016] 

[ 0 0 1 7 ] frlBiffe^ll^. yr^V:s^7sf^)V. x,9^u>m 

[0018] ^tc. mrfB^@H«. ^Stistt'-^-x h^m 

tiln^O,. SnO^. ZnO. CdO. CdSnO,. 20 
I TO ( 1 n,0, + S nOJ . JSLU:^-y}<>f)^hrx^ 

[0019] s 6^c. mmmmo^mmiit. 5 %kiT 

[ 0 0 2 0 ] ^/c. *^iBcD7fe|am:/^^-?{^S:^i£ii. 

[0 0 2 1 ] «gfaiie^««. mmm^. 

[0 0 2 2] ^fc. StrtB^mf4-i-x h^imfifi]S^« 

[0 0 2 3] 

[0 0 2 4] ^^B^cDf^fla^M^^g-r-scc^/cor. 
[0 0 2 5] xmu^'-^omnmm.^m^tc^^at. {k 
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[0 0 2 6] cneo^nm^s^i^r. m^Jiiigpm 

[0 0 2 7] *ffe0acD36^a*^^-C^^. m«li<b^c^ 
[0 0 2 8 ] ^cr^iiUBcDJgJttCciSD/c^mtt-^-:^ 

ISA L/cts-^iibt^t* -2) <!: . m.mm<Dmkmi)M&< >i 

[0 0 2 9] ^ ht^cc<Dm^Ltcmmm±(^^v ^ 

[0 0 3 0] *%H3cDi^g^s 1 ^m<.^xt^m^cmmr 
^c^fei^r. 1 0 o{tytmmt)m'T':^w. 1 0 lu&m,. 

I0 2{tysm&. 10 3«iiB. 10 4&ii®, 10 
5 1* pB. 10 6 ^^iSB^ffi. 1 0 7 iiJfeS^B. 1 0 8 

\:tmmm. lOQiit^^jv i^mm. 1 1 1 ucmst^^ 
[0 0 3 1] xmm^ 1 1 1 [tmm<Dm{hp}mm<D ^' 

[0 0 3 2 ] :^mmxmi^f^ri?>mmm loiu. mm 



(5) 



[0 03 3] ctDj; ^ tm^mvsirmm'r ^ismt v 20 

-So 

[0 0 3 4] jfeMS 1 0 7 (Dl^^ii. t:'>>f^-;^:^5M0^ 

*--;l/<b & 0 :g < . 3 0m mU±X\tmfi'iSitmUt^ti 
^fc^b 1—3 0 MmSSj&^Sm-C^'So 

[0 0 3 5 ] :^m^xm\.^ hn^mmm los^t. 

[0 0 3 6 ] C(D®«tt-^-::^ I n^O,. Sn 40 
ZnO. CdO. CdSnO,. ITO(In,0, 
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0 lim<om\tttWKt hX\tO . 1 Q cm'-- 1 0 0 Q c 
[0 0 3 7 ] cn6(D^®ji(D«Ji&^. X^'j-^TOJ 

[0 038 ] ^/c. «®B 1 0 8(D>'^*^'->ff$^*X^ 
•;->EPSijrtf ^iS^. SI11t4--^-X KDttgtW 1 0 0 
0 c p s-'l OTJc p sea*^C<h:^^M^Ul^o ^ 

[0 039] 1 0 8 (Dff^iisti V YWrn l O 9 
(D^ ^• ^ - > <h pi3fi<D ^ ^* ^ - > ocff s n e 0 > 

i^i; F«@l 0 9^S®T^H$Ccr^^^>h^Sa 

Fms 1 0 9 ct D i^^^m.mcf(ijss h c t-^m^ b 

mffil 0 9 fe<51-CD^^(D^®H 1 0 8CC<:fc^!>i' F-CI 

[0 040] :$:^BJ(7:)7fetaM:^is^t^ ^ y YmM(or 

•;-^^d>^c<-r'S<b<tfc6c. 2r F«ffi<!:±g8m® 

[0 04 1 ] WT^C. :$:fl§«(D*®«:^|giF©^]ife«« 

^jtc-^^c^ra 1 'S^m\.>x^mr^'^^:^^§^m(Dfy^{t 
[0 042] :^mi(Dm&m^m'f'(Dm&tj:m)&m^m 

h^fc^mMX$>^. ^1 0 cmCDSSCD^'j y F^^a 

3 n r t ^ Efi^^cc ^' X ^5 6 n T u 

-So H3« F :7*;H2;Hf^<D»fffi0r^'Bc 
[0 04 3] ^hdC. mmLtj:(^>f)^iJ'^:^M^(fCmm 
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[0 044} S«l 0 1 ^3;T^;l':?r ;^t^';r3>cD<i:^ 

fmm<Dytmmt)mf'(om^(o^mim 103. 10 
4. 1 0 5^t*i«wtc^-r^gpw-c*o. ^/cJs-^cc 

»1 0 3. 10 4. 1 0 5^aiig-r-si#(DMafa^(c 

Fe. Ni. Cr. Al. Mo. Au. Nb. Ta. 

V. Ti. Pt. Pb. T {^(D^mtMtCtihO)^ 

^yr^F. ^»;-/^F. ^.^^^umoMm 

[0 045] TSP«ii 1 0 2 1^:. ^^mWM 103. 10 

4 . 10 5 -c^^L/cm^^m^ m-r/ci^cD— TSrcoms 

LTtS. Al. Aff. Pt. Au. Ni. Ti. Mo. 
W. Fe. V. Cr. Cu. :^7^>U:^, M^^^, ^ 
^7PA. SnOa. in^O,. ZnO. ! TO^CDC^:b 

^^^mwxu^^. Rammmmmitim (tc 
[0 046 ] r§(^m@i(oimm^cu. ^ v mm. 7. 40 

[0 047 ] :$:^0JCCfflC^e>n^pte|a«;tj^-^cD^f* 

*e«;':?s-^cc:fec^r i if 1 0 4 ^mm-^^=mmin 

iUrti. a-Si :H. a-Si :F. a-Si : 

H : F. a-SiGe:H. a-SiGe:F. a-S 50 
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iGe:H:F. a-SiC:H. a-SiC:F. a 

- s i c : H : F^oi^b^-s* 1 ymjkum I vm^ 
i e 1 0 4 ^mmr ^^^mmm^mwf-mm\^ f- 

^(Dymti^XU. B. AK Ga. Intm^^hin 
mt{^X\X. p. N. As. Shtm^ih^h. 

[0 048 ] T'^)i'y T X y a >^=m^wmo:>^sm^t 

LPCVD^CDia^D(D:^*a^B^MiCjSCrfflC^-So X 

cc^si^rti. 1 0%if£l^Ci 

0 . In m/ s e c 1 n m/ sec 

i L r V >f' >7 p 5 X c V D ft a B $ n r U o 

mx^h. :^mm(Dit^m.t}m^^%s\.>xu. ^^m. 
^mmom±.^umt i^x^wm^^2\ci±mmr^ 

[0 049] ±.umm 1 0 6 {i. 103. 10 
4. 1 0 bx^^i.fci^mti^m^mrtc}^(DmMxh 

0. mr^TSP^Sl 0 2i>rt>l:3^j:Tt>(0-c*^o ±gpm 
ffil 0 6tiT-^;W:7rXix'yr3>cDJ:^iCi^-Fffiln;:;i>5 

< iiiR?-i±^/ci?)k:*(D^®^*s 8 5 %VA±.x^^ c i 

m\t\OOQ/U)^XTXh^Ctt^m'tL\.\ CCDcfc'^ 
i!j:i^tt^«;i/c«f4<t UrSnO,. I n,0,. Zn 
O. CdO. CdSn04. ITO(InzO,+ Sn 

[ 0 0 5 0 ] ^xtc^ y Fm® 1 0 9 »*2«^*B 1 0 

3. 10 4. \ obxm^^htci^mii^m^m-tc'^co 
nmxhh. V F^ffii 0 9jai»±fcc?{j^$n. # 

0 5^^i^^i±gp^@l 0 ecDt^- hSSiScO::^ 



(7) 

01 

cm--- I 0-*Q cmr*>0. UUtLX^t. T i . C 
r. Mo, W. Al. Ag. Ni. Cu. Sn. Pt^ 

[0 0 5 1] K«ffil 0 9ttiar1*-e*€»/c2i?>. 

/c. X>r^• ^ tj > ffita»Dl»a. C V D^im^^l^ 

[0 0 5 2] *^iC*^CirfflC^^^n'2»'^'X>^^'- 1 1 0 
tt/c 0 ^ y Ftlffi 1 0 9 <bfil«CD«mtt'^-X h 

[0 0 5 3] v'^x/'?- 1 1 oo^^fsc^mt Lxit. 

[0 054] JW±C04:^CU^SiSn/c^S^J-^:i>:*- 

CTFE (:$r-<4^>xmiJ*:t:7n>) ^y&^W^^n 40 

[0 0 5 5 ] x.l^tfy'i^:xU-iyB>(D:^^itLX\t. 

^i^^tM^y 5 ^-^-coJ:'?rj:^Mu(oms^m^^X. 

[0 0 5 6 ] 
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^i><DX{trj:\,\ 

[0 05 7 ] (mm I) mi ^c^tmm^x^v y f 
)imf&<D^mmjjm^ i o oa^wfo^ "x^cuxi'^m 

[0 0 5 8 ] ^-r. +^^Ccm. gfei^^tf-p/cSUS4 
3 0 BAiSatg ((13 0 cmxg3 3 0 cm. J¥^0. 

2 mm) 1 0 1 ^DCX^^• ^$|gtcAnA 0 0 
nmmmu. ^(DmZnO^4 0 OnmmmbXTUm 

Si o2^0i3cL./co s«i 0 1 ^mK\mo. RFy^y 

XvCVDfiKM^H^An. n@l 0 3. iill04. 

p» 1 0 bcornxmrn^n-ofc. ^m^. mrnmom 

^nmcKtix. mM^mx\^tj:t^h l x i O-^To r 

0 6^70 nmJi^U/c„ 

[0 0 59] ;xcc. ««i 0 i^y'H :/f>^iiaccs: 

[0 0 6 0] ^cDt^. S« 1 0 1 ^:t--:f:yt^hWL^ Hi 

or^ipfi. s^i 0 i^x^ y->Enj9j<gik:^au. 

♦13 0 0 Mm. S$ 1 0 cmOmSm 0 8^raPB5m 

mr3?'jEn^iU/c„ C(Ot^. »mtt-i-X hti I TO 

[0 06 1] :XCC. l»ia*-:/>cDS]S^ 1 8 0 'CCcffi 
o/Co -ecDf^. »«1 0 I ^ir-^lytf>^W.^^i.X^ 

mk. stsi 0 i^x^^y-venrasiccKau. ♦120 

0 /zmS$ 1 0 cmCD^y y Fl^ffil 0 9 ^HPi 1 cm 
t?EP»JO/Co mSlvf*4<bOT6iAff-^-X h?:ffil^/Co 
EPgiM. S^l 0 1 ^mriE:*'-:/>CcAnr 1 6 0°Ci? 

3 0^ra«J#U. #mt4-<-X h^+^TU/Co 
^»1 0 8Raf^y F^l Q^(OWMtt^\iC^ 

1 0 Mmr*>o/Co 

[0 0 62] 3 hK,. mb mmCDg^lPSW^tall§CD>'^*X 
^^-110 . la 2 CC^T 30cmx30cmft 

cDV>^;H2;^^f^MU;fe„ ^2^46a^r. 1 0 UiS 
10 2-106 t^TSBUffi. ^<*B. ±gp«ffi. 

io9t^^u>F. 1 1 0 ^i^^x/^*-^^■ro se>cc, 

[ 0 0 6 3 ] ;j«:iC. cn^i^Ox>;^?:7'e>:x 
>?:i^TcDcfc5 Wfo/Co SSI 0 1CD±TCCEVA?: 

{s,^V^^^Vyy)Virus.^V» (r^7j^>SiMfa 
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[0 0 6 4] n^^fcum<DV}mm±^i^:xr(oj:^i.cL 
[0 0 6 5] ^r. m^mi'^%v(oms.mmn^^m 

5. 1 6 0KQcm*-'2 3 0KQcm*<bmSf^J^-e 

[0 0 6 6] ^XCC, AMI. 5 yn->'N*;KD*Pi:)feX--< lo 
^ h ;l/n 0 0 mW/ c cD*SCD®flU:^# 

tt^S'J^U. ^J^^^:^i*/ciC^. 5. 5%±0. 

[0 0 6 7 ] ti±(Di^f4CD 5 1 1 OfttCOl^r. fi^tt 

i^^. a*x^*&c 8 9 1 1 <o^Psmi^mmt)'i:i> 

SSt^'^^:^;H^i^A-2Cc*':5i^t:tf o/co ^T. 

6 + 8 5 (tB^(tM]g8 5 %) CCgS{b$i±^1f ^ 20 

i^^ 1 OIPl^OilUtTo/Co 

[0 06 8] y:CC. Ki^7f*<Dfm^*7J»3J^(7>S'J5t 
»M0/c<bC5. a«8^gia^CC*fbr^i^'C4%CDffi; 

[0 0 6 9] '^x^mno^^) V F^^tfSffip^A^m 
xi.^^m'i-ifimm^n. 2gfis^^a'j^o/c<bc5 2-4 30 

[0 0 7 0 ] S/tj^OODl 0*5tCC-oi^rftffi14l*ei^ti 
T(7)J:^tctTo/to «*4^tlfimMStcg:Ab. +8 5 

JlB^NWrxSa+O, 3 V^2 O^fHEPfiOL/. *<DM9g 

n'5';-^m*^M^u/to 04w:';-^^»(d^b#^ 
tsifetj^i^'c 7 . 2mA•c^o^^^:^^»;-:^>brli^dc // 

[0 0 7 1 ] :^^m(Di^mf^h^mMo:>mf&^m\.^fc ^ 

[0 0 7 2] {mm 1 ) i):^c, ib*5Wc2*Cc. ^6 
:^t-S^<D«^cD:)fe*am::;^m-7'3 0 0 ^i^Ayco^'yt^c u 

[0 0 7 3] mmm i iiuaccs^a o i ±cc±spms 

3 0 6^-c^^^b/co ^xcc. ^iSfi^Ji igUUccur^:/ 

V y F^ffi3 0 9 ^EPPJO/c. § 6CC®»Sm^(Dfl55g 
cr)^N*;;;/\'-3 1 O^tSJiO. Ml ^m-^ 3 0 cmX3 0 
cmft<D>»^5^;l/-fe;l'^2 OtjC<mU/Co 50 
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[0 074] ^XiCCCDi^(Dx>;^:7*i^^ U-i^ 

[0 0 7 5] f#6ti/ci5^(Di^w#f4^^Mi tnm 

%s U^lyVmmtO . 3 KQ cm'7j>^66 OKQ cm' 
/Co ^';-XJg6iti^i^r2 7. 8Qcm'T^«3*te 

[0 0 7 6 ] <xccc(Di^4(7:)rt 1 otJcccoi^rftM*^ 

[0 0 7 7 ] ^/c. i/i-VbSBi^iilSb/c^C^^i^ 
r8 5%<DiST^^bft^f4i*iJf^Cc*>C^ri^i'> h?&i 

[0 0 7 8 ] x^c^) - ^'^m>m%^nn 1 otscoDK*4 
fbcD— pii^ia4cc^'ro 2 off$racD^^'^TxmlEEp^}^^ 

COU-^^iSlJ^i^-Cl 2 OmA-e^O. ^^i'Vh?^^^ 
[0 07 9 ] ^(Om^COt^^l^VU^^lXrcO^'y^CL 

[0 0 8 0] W±<D3l]!fe«?!| 1 ttmm 1 *^0^(D 
[008 1 ] {l:blM(2 ) ^XtC. 5 6CCj:b*$(D/cJ**JS 

m 1 ii^<i(D«fiStriiifea^®o^t,^H 5 co7feia^;b*^ 1 

[0 0 8 2 ] mmi 1 i[^«iccs« 1 0 1 ±(^±^mm 

m-^-X h CDmSil 10 8. ^XCC ^'j V F^S 1 0 9 
EPS«JU/co $6CcSl^S^J##(D^IScD>'^*XA-l 10>& 
9mb. ll7CcS^t"3 0 c mX3 0 cmft<D>^>y;l/*fe 
;l'^2 0W'^$?O/c„ 
[0 08 3 ] ^XiCC<DlS*4<DX>;^7'7V^ U-^'3>^ 

[0 084] n^^fcm^<oi]}mm±^mmm 1 

o^iWrsij^U/cic^. S^j^^^{j5, o%±i. 2 

cfeo. mimi(iCtmLxt^i^>h^mm<. cote 

{t^n^x4 5. 3Qcm'x^Dmmmti:mLxm< 
mM(om^timc'z>xi^^t^^p>n^. 
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[0 08 5] :x(^c(Dtm(Dimm^m^mmm i 

[0 08 6] tfc. iy^yhmiKmi^bfctC^^i^ 

[ 0 0 8 7 ] ^x^c 'j - ^^mmm^mmm 1 1 
[0 08 8] c<Dm^<Dty^>hm^^aMmi tmm 

[0 08 9] t(±CD^iffeWl iitl^M 1*5J:^2 7!>^6. 

/Co 

[0 09 0 ] (iS!feM2) :^^iesfe^i i^^^imc-c 
[0 09 1] ^rmmmi tw\mt^±.umm \ 0 

Stgl 0 1 8 0°C^. 

:x^c 1 8 o*'ac<^L/cfi®:t-:/>r3 05^iam«iii 

[0 0 9 2 ] ^X^cmm 1 il^^^ L/r««iJl 108. 

*jJ:tK^'; FUffil 0 9CDE[J0J^m^ ^<Z)M^^J 

&c|Hi<i(D:&Sri*f4^ 1 otStfPMb/c, 

[0 0 9 3] nhntctmcoifnmm^^mmm 1 <bfH]«i 

C>:^;ffi'eSiJSL/c<!:C5^^^«5. 8±0. 40 
^>-^>hiS$x&3:I 4 0KQcm^:^)>6 1 8 0KQ 

[0 0 9 4] ^^^CC<7)fS?4<D<Iffitt^*]5fe^J 1 <t Pl^CC 

[0 0 9 5] ^mMm(D^m)^ (^^^m<D±mmt}m^ 
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[0 09 6] {mWi3) '-iKicmmi 1 tcfci^r . i:^ 

[0 09 7 ] **r\ S«l 0 l±W:Aff«<fcZnO«<t 

>&^6/j:^Ta5««l 0 2^f^^U. ^Ot*. v>f^>?a^g 
:7*^X^CVD^rStfii^atcAn. nHl0 3. iHlO 

4. vmiob(omxmm^'n^^'^<V2^m^'B^\^fc. 

C<DB$i»l 0 4^Sa-S iGeiU/Co X^nMl 1 
3. iH114. p»l 1 5<^)ie'eltmm>5 F^l'ji 
^ff^^L/c, iMl 1 4^3:5Kh AUcblHjil^Ca-S i G 
ecbU/c. ^XW:n)ll 2 3. i®124. pH125<D 

mr2im^'n\.^v yy'm^i^^jSLi^fc^ 

s i <bL/co x^mMm2 tm^^. mm^mw^^m 

i:kfdmmts:±Smm l O 6 ^ 7 O n mit«L/c. ±SB« 
@1 0 6 iLT I n,0, ( I O) ^ffll^/c, 
[0098] ^^X^Cf ^ V b->tJ/^S^C«« 1 0 1 ^wtm 

0 7^:3^r'^>^u/cm. nmmi tmmcwAt^'^ 
[009 9] 3 hi^cmnm i t\^m^c'^^m i o 8 . 

/^'::^^^'-l lO^mML. a2tC73^T3 0 
[0 10 0] 36^. C(Dfei^<Dx>;^:7*^:>.P-5^3 

[0101] m^tifcm^omm^^t. 7. 8%± 
[0102] crih<Dum(Dmnn.um^. t 

X2%<Di&-fXS>^mMrj:^mt^Crj:i)^'ofc^ S/c. 

> h i&iK^wi^ i^fctc ^^i^xm 6 %(OWi>x^ 

[0103] :^m^m<Dmm^ f^':f^^m(D^m^t)M^ 
[0104] 

mm. jSLifm&immt^'j>tj:< t'bBf^s.Lxtj:^^ 
mtim^t^chi^x . mmmmi^ tmummmt (omifcm 

[0105] ^fc. ':^mmitmm)dm^{'^m-nm^c^ 
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mmmmsn. mm^^coRi\ mmii^^tifcyim 
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[0 7] t\Mm 1 cD3fe«a^*S-?(D«ia^m^fi^^C7K-r 

1 0 0. 3 0 0 

10 1. 3 0 1 

1 0 2. 3 0 2 

10 3. 113 



I 0 4. 
1 0 5. 
I 0 6. 
1 0 7 
1 0 8 
1 0 9. 



1 1 4 
1 1 5 

3 0 6 



3 0 9 



110. 2 10 

111. 3 11 



1 2 3. 3 0 3 
1 2 4. 3 0 4 
1 2 5. 3 0 5 



^ U V F 



i M 

pli 



m 1 ] 




10QA 




10Q 
10B 

102p103,104» 
105,106,107 



1008 



101 

no 




-318723 



[05 ] 



109 
JOB 





309 




300A 



mi] 



300B 

310 
309 

-302.303,304. 
305,306 
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(72)ifeeg« ^mt mm 



